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I. Abstract 
 We set out in August 2017 to develop an active noise suppressing device that would be 
usable both in military and civilian activities. Due to constraints in knowledge and time, we 
decided our best course of action was to divide the project into two equal projects with the hope 
to be able to combine them into a single project at the end of the allotted time. This consisted of 
an active noise suppression device and a passive noise suppression device. The passive 
device would have no electronic components and the active device would be pure circuitry with 
no housing. This approach meant that if one of the two devices were to fail we would still have a 
working deliverable. Over the course of the project, the team faced many setbacks that needed 
to be overcome. Due to constraints with time we were unable to test as many components as 
we had wanted to. In future works we would want to work better with integrating the two 
prototypes together and testing to see if our specifications were met. We were able to however 
stay well below our budget when ordering our components. If we were given more time we are 
confident that we would be able to complete the project and make a production ready device.  
II. The Problem 
The main problem to be solved is attenuating noise at all frequency levels to be safe for 
the ears, while still being able to interpret noises at an average speaking level. Every product 
currently on the market has made significant strides to solve this issue, but all have certain 
limitations that render the need still to be filled. A significant issue is battery life. Most products 
on the market, including those from Soundgear, utilize the same battery technology in most 
hearing aids. These zinc-air batteries can last anywhere from 12 hours to a few days but are 
single-use and cannot be turned off. When the batteries are purchased, the user pulls off a thin 
strip covering the exterior of the battery, and from this point on the battery cannot be turned off. 
It collects its power by being exposed to the atmosphere, so while they use little energy when 
the headphones are turned off and not in use, they are constantly being drained. The limitation 
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here is that while they are cheap and compact, they are unreliable because oftentimes a soldier 
can go days between needing to use hearing protection, and they may only need it for 30 
minutes at a time. This can prove wasteful if they need to put in a new pair of batteries every 
time they need to use the plugs for a short time. 
          Another major problem is the level of attenuation. While these products claim to 
have an NRR of up to 25 or 40dB, this proves to be untrue at the most important frequencies. 
Higher frequency noises such as gunshots or a plane taking off cannot be attenuated by 
producing an opposite frequency noise because the sound waves move too fast and are too 
difficult to match. For the products that use passive noise reduction, they may protect the ears 
at high decibel levels and high frequency, but they do not allow the user to partake in normal 
conversation. 
III. Background 
Noise Induced Hearing Loss is a significant problem among the military, affecting almost 
half of all service members. By age 50, 37% percent of individuals who served in the Navy will 
experience some form of NIHL, while that number jumps to 42% for the Air Force and 50% for 
the Army. 
          Depending on the branch and level of activity, a variety of forms of hearing protection 
are worn in the military. However, in situations where receiving orders is imperative to efficient 
operations, often times no hearing protection is worn. When simple ear buds are worn to 
attenuate noises such as gunshots or the droning of a helicopter, this renders the user unable to 
hear orders or take part in conversation. Additionally, if the individual needs to wear a helmet, 
over the ear protection is out of question. 
          There are currently products in the market using a variety of technologies, both active 
and passive noise reduction, to attempt to solve this problem. Soundgear is a company 
powered by Starkey Hearing Technologies, who develops low profile hearing protection devices 
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for both the military and gun owners. They produce a product called Instant Fit, a lightweight in 
the canal silicone earpiece that claims to electronically suppress noise at 93dB, has a noise 
reduction rate (NRR) of 25dB, and can amplify sounds such as sticks breaking or wings beating 
up to 15dB. Another product from Soundgear is the Custom Filtered Earplug, which claims to 
attenuate across both low and high frequencies while still being able to hear conversation at a 
reduced level. This product is custom fitted to each buyer by a local hearing professional, and 
contains interchangeable filters that can attenuate at 10, 16, and 26dB. 
          Another company producing a comparable product is QuietOn. QuietOn is a Finnish 
company whose intended user is the average citizen, who would wear their ear plugs on a 
plane, in a factory, or busy city. They claim these rechargeable earplugs can attenuate up to 
40dB at low frequencies, 37dB at high frequencies, and can last up to 50 hours on a single 
charge. 
IV. Requirements & Specifications  
 In order to properly understand the scope of the project, the team at WHAT met with our 
customers and assessed the overall need for the planned device by asking qualifying questions. 
These questions were able to narrow the target view in categories like performance, safety, 
quality, reliability and many others. These requirements were kept in mind throughout the 
entirety of the project and will ultimately be used to assess success of the project upon 
completion. The full list of requirements is detailed in the appendix below.  
 A set of primary and revised specifications were also established to give detailed 
documentation of the project’s requirements, features, standards, and constraints. These 
specifications also included acceptance criteria for device functions prior to customer use. 
Lastly, this report discussed the necessary regulations and standards established by the FDA 
and ISO that apply to the created device. The specifications report in its entirety can be found in 
the appendix at the end of this CDR.  
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V. Test Results 
 Testing of the device was broken down into active sound suppression testing and 
passive sound sound suppression testing. Due to time constraints from gathering of materials 
and molding of the passive system only certain testing was able to be performed. Test able to 
be conducted consisted of testing the fit of the device as well as finite element testing on the 
device. In order to determine if the device fits well the subject simple wore the device and 
moved their head in ways to simulate strenuous activities. During the course of this simple test 
the device showed no motion and was held securely within the ear.  
For our finite element testing analysis the material was defined as our prototype silicon 
material and the test was conducted with a fixed support located at the inner (portion inside the 
ear) of the device with a 5N force being applied to the outside of the ear. From this model 
general deformation and stress was able to be observed. The most deformation was observed 
at the farthest outer edge. This is consistent with what we expected as that is the thinnest 
section of the passive mold and is held in place by the ear. Similarly, the largest stress was 
observed around the outer edges of the device were the ear would touch the device.  
If more time was allotted the active suppression system and NRR would have been 
tested as well. This would have been done through the use of a sound suppression room 
utilizing equipment capable of determining NRR of the device. Testing on active components 
would have liked to have been done in order to determine the way they would handle failure and 
to determine the compatibility of the components with the environment the device is to be used 
in. Further testing would have liked to have been done on materials that would have possibly 
allowed for greater noise reduction than the currently used silicon.  
VI. Business Aspects 
 The goal is to be able to market the product at less than $350 per pair, meaning the 
production costs need to be kept lower than $100 for each individual ear plug. At $350 per unit, 
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the ideal gross income would be close to $700,000,000 if the military purchased a pair for each 
of the 2 million active soldiers in the United States. Depending on the cost of mass production, 
the price per unit could drop drastically. In the future, the team would like to experiment more 
with different materials, which could increase or decrease the price of each unit. Ideally, the 
team would hope to decrease the cost of the ear plugs to allow for more individuals to be able to 
afford it.  
VII. Final Implementation  
 The last steps of the project are to finish up the final designs with the active noise 
reduction, make the filter to go inside of the ear plug and send the product to market. The 
product will then be mass manufactured. From there, the product will begin its life cycle. The 
potential market for the ear plugs are roaring at the moment. Military men and women as well as 
industrial workers will benefit tremendously from the amount of noise reduced from the in-ear 
ear plug. The goal on the market is for the ear plug to do well considering the need behind a 
great noise reduction. 
VIII. Deliverables  
 A total of 2 deliverables were created by the team, one of which is to be given be to Dr. 
James Keszenheimer. The other was created from a mold made of one of the team member’s 
ears early on in the design process. Stephen Paterson will receive a deliverable if the 
appropriate resources and facilities are available. With the current state of the design lab, the 
3D printers at the university are busy with both Freshman and Senior design process. If the 3D 
printers are available and the photogrammetry technology can be used for a few hours within 
the next few weeks, a deliverable will be created for Mr. Paterson. 
IX. Scope of Work  
The ultimate goal for this project was to develop a proof of concept for an active noise 
suppression device. This included developing and producing an in-ear, custom molded, passive 
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suppression housing along with creating separately our active suppression technology. Injection 
molding techniques were used to accomplish this task so custom 3D printed cavity molds were 
developed to create device housings. Along with this setup, the team created instructional 
material to assure that proper molding techniques and product use would be achieved by the 
customer. Things that were out of the scope of our project due to time restrictions included 
fusing the the passive suppression device body with the active suppression technology, 
discovering advanced molding materials to increase passive sound suppression, and creating 
an efficient manufacturing process that could be taken full-scale if the product needed to go to 
market.   
X. Progress  
 It all started with an idea, to create a cost effective passive noise cancelling device. This 
idea was able to blossom, as the WHAT team met twice a week for the past nine months in 
order to develop the best plan of action to complete this product. Through our meetings, we 
decided that the best way to create this product was to create an instructional video for the 
customer to personally create their ear mold. After this we designed, modeled, and 
manufactured our ear mold assembly that would be used to create the customer’s custom ear 
mold. Then, we used a silicon material to create the passive earplug. Throughout the design 
process of the passive device, we stuck with the specifications we implemented in our 
specifications document, as these specifications are an industry standard for noise cancelling 
devices, and not implementing any of them would put us behind our competition.  
 Through numerous meetings with our clients we decided that just a passive device was 
not going to cut it, as active suppressive devices were dominant in our market. That is when we 
decided that we would also have to design and manufacture an active suppressive device as 
well as a passive one. With this now in mind, the team did extensive research to determine what 
pieces would create the best active suppressive noise cancelling device. After this research, we 
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determined that a Raspberry Pi 3 Model B, Kinobo-USB 2.0 Mini Microphone, and a portable 
mini speaker where suitable parts. The Raspberry Pi 3 Model B was picked because of its 
superior processing power, the Kinobo-USB 2.0 Mini Microphone for noise detection during 
performance testing, and the portable mini speaker for noise production during performance 
testing. Unlike the passive device, there was a specification we decided not to implement. That 
specification was using a lithium zinc battery source. The reason we did not pursue this 
specification was because we were confident that the Raspberry Pi 3 Model B would be a 
reliable power source for the active suppression device.  
 By following our specifications for both the passive and active suppression devices we 
were able to successfully take a simply idea that started in August 2017 and develop it into two 
working products by April 2018.  
XI. Individual Contributions 
 Each member of the team contributed a significant amount of time to the project. All 
course work was broken up between team members throughout the semester. Work required by 
the project such as finite element testing, CAD drawings, 3D-printing prototypes, and making 
molds of the ear were distributed throughout the team as well. Each task was kept in mind to 
maximize the quality of the assignment but keep the quantity of work between the members in 
the design group, and other coursework for other classes to a minimum.  
XII. Financial Considerations 
 There’s two sides to finances to consider for the project, the business side and the 
manufacturing and production side. For the business side, there has not been too much 
consideration to this point. If the ear plugs would go to market costs for a building, machines, 
molding kits, computers, workers, and mass production would be present. As for the 
manufacturing and production side, as previously stated, the goal is to keep production under 
$100. This would include the materials needed for each ear plug, such as the molding kit to be 
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sent to the homes of the individuals, the silicon, or if further research allows for a different 
material to fill the molds with, and the filter to go inside of the ear plug.  
 The finances used to make one ear plug did not exceed the $500 budget. The materials 
purchased were three molding kits for the ear (one for both clients, and one proof of concept 
test before given to the clients), AgiSoft Photoscan photogrammetry software license, silicon 
used to fill the mold to make the prototype, one raspberry pi, one speaker, and one microphone. 
The total input cost for the team to accomplish this project was $171. Other items provided by 
the University of Akron to help complete the project were 3D-printers, computers, software for 
drawings and photogrammetry, finite element testing facilities, labs to work in, and a place to 
hold meetings every week. 
XIII. Summary Feasibility Discussion 
 When the team began research on the project, it eventually became clear that the 
project goal could not be accomplished with simple passive technology. After a few months of 
correspondence with experts in the field of audiology and discussing options with our mentor, 
the team decided to take a parallel path approach with the project. Both passive and active 
technology solutions were to be pursued with the majority of the focus being on a passive 
prototype. Through the passive prototype, a good portion of the initial requirements were met. 
The team believes we created a product that achieves a noise reduction rate higher than more 
expensive products on the market.  
 The active noise cancellation efforts produced a proof-of-principle product. An external 
system was created using a raspberry pi computer combined with a miniature speaker and 
microphone. A script was created using python coding language to produce a noise at a specific 
frequency that would cancel out waves of opposite frequencies. This was done to prove that this 
technology could eventually be consolidated and be inserted into the filter hole in the ear plug. 
XIV. Future Work   
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 As of the filing of this CDR report, the WHAT advanced noise canceling in-ear device is 
not totally at completion. While the group is satisfied with progress that we have made over the 
course of the project term, there are still possible improvements that are being considered. The 
first, and most obvious improvement to be considered with additional time is accessing more 
advanced technology in order to allow the active sound suppression array to fit inside of the ear-
mold housing. This would truly result in a more refined, finished device. The team would also 
like to look into improving passive sound suppression qualities of the device through the 
implementation of additives to our molding formula, such as carbon-nano fillers. While 
photogrammetry did work well in this project as a 3D model rendering technology, the process 
takes a great deal of time and expertise in order to arrive at a proper model. To eliminate this, 
the team would like to incorporate some more advanced 3D scanning techniques for custom ear 
plug 3D model generation. If this device was to go to full scale production, the injection molding 
process would need to be automated in order speed up manufacturing time. This would be 
challenging however as the cavity molds used to produce each device would still need to be 3D 
printed individually since they are unique to each customer. Overall, we at WHAT believe that 
with additional time this device could be a complete and truly revolutionary addition to the sound 
suppression market.  
XV. Conclusions & Recommendations  
 At the end of this design process, we at WHAT have successfully created two working 
products. Thankfully, through this development process, the team at WHAT were not met with 
too many issues. There were two main issues that we ran into that caused the development 
process to be prolonged. The first was that it took us a very long time to receive parts and 
materials that we purchased. Often, we would order parts hoping we would get it in a couple of 
days so we could work on it that week, but often times it took three plus weeks to receive our 
stuff, which would put a hinder on our work schedule. The last issue we ran into was that the 3D 
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scanning aspect of our project took longer than expected. At first, we thought this process of the 
design would be completed but took much longer. It took countless hours but was able to be 
completed due to the diligence of Tyler and Steve.  
 The WHAT team met up to at least twice a week for the past nine months. We found that 
this was an appropriate number of meetings to designate work and discuss goals for the project. 
When we divided labor among the group, we tried to split it up as evenly as we could so that 
everyone was doing the same amount of work for the project. Often people would be assigned 
parts in which they could most effectively use their talents to help the project succeed. 
Specifications were developed early in the process through extensive research. We wanted to 
implement specifications that not only met all the market standards, but also helped make our 
product stand out from all the rest. Testing of the stress and strain of the passive product was 
completed by using ANSYS Workbench 17.2, which gives in depth data on the finite element 
analysis of our part. If we had more time, we would have tested the products NRR and 
frequency. Report writing was divided evenly among all the team members. We had no 
outsourcing issues as we conducted everything in house for our product. Mentorship guidance 
was extremely helpful for us as it leads to use deciding to do a parallel path approach with our 
project, and the course length is appropriate to gather experience on what the design process of 
a product is like in the real world.  
 The team learned many valuable skills from this project. One of those things was time 
management skills, and the ability to maximize our potential. We also learned that it is not 
always possible to do every part of the project ourselves. For example, we had issues with 
implementing the code for our active suppression device. We should have contracted someone 
to help us implement the code to insure its accuracy. We now know that it is good and 
appropriate to seek outside help if a struggle arises. The best thing that could be done to 
improve the course it to offer more projects that are purely mechanical. A lot of the projects 
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given at the beginning involved a lot of electronics. Only a few BME’s are good with electronics, 
and because of this overall lack of electronic knowledge among us, problems arise in the 
project. With this in mind, we believe that this project was a great learning experience and are 
proud to have participated in it.  
XVI. Appendices 
XVI.I Requirements 
1. User/patient/clinical performance characteristics 
1.1 Military use - users will be active members of the military 
1.2 Consumer use - users will be adults looking for hearing protection for industrial or leisure 
purposes 
  
2. Privacy and security  
2.1. The device will contain electronics and as such should contain some sort of system in order 
to stop outside modification 
2.2. The possibility of the devices audio signals being recorded or modified should also be 
addressed  
2.3. The device should include a system in order to stop outside signals from impeding the 
device 
  
3. Safety  
1. Mechanical, 
3.1.1 Device must fit and remain in the users ear through constant movement 
3.1.2 If the device connects behind the head, it must be a tight fit to the neck/back of head and 
be adjustable and expandable 
2. Electrical 
3.2.1 An active suppression system must be contained securely inside the device 
3. Biological 
3.3.1 Material that comes in contact with the ear must be inert and biocompatible 
4. Chemical 
3.4.1 Injection molding process must be safe 
3.4.2 If the device is rechargeable, the battery must be safe and removable 
  
4. Regulatory  
4.1 Device must comply with 29 CFR 1926.52 and 1926.101 
  
 
5. Quality  
5.1 Device should able to be reusable for the duration of the product without any drop in quality. 
  
6. Reliability  
6.1 Specified hearing protection rating must remain for duration of product lifetime. 
6.2 Product should retain hard specs for its duration of use. (Weight, Length, etc….) 
6.3 Device should be able to withstand a certain amount of moisture before failure 
  
7. Compatibility with accessories/auxiliary devices or products  
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7.1 The device if rechargeable will require a port that will allow it to be charged 
  
8. Compatibility with the intended environment 
8.1 Device must withstand extreme cold and heat 
8.2 The device may be used in locations where sand and other debris will be present and if not 
properly sealed the device could be compromised 
  
8.2 Device should be waterproof in case of rain or snow 
9. Human factors  
9.1 Human ear canals differ in size. 
9.2 Humans sweat. Device must be sweat resistant. 
9.3 Device must stayed seated in ear, withstanding human movement. 
  
10. Physical characteristics  
10.1 Must fit different sizes and shapes 
10.2 Must be low profile, fit inside the ear and cover the outer ear as well 
  
11. Sterility  
11.1 The device must be able to be cleaned easily by the end user, autoclaving the device as 
well as other forms of sterility is unnecessary  
  
12. Manufacturability  
12.1 Device must be able to be mass produced  
12.2 Injection molding will most likely be used to produce hearing device. 
12.3 Device must comply with 21 CFR 862 to 892 - Current Good Manufacturing Practices 
(CGMP) 
  
13. Serviceability  
13.1 Device should require little maintenance other then possible recharging and minor cleaning 
  
14. Labeling, packaging, storage  
14.1 Device must comply with 21 CFR Part 801 
14.2 Store in a dry place 
  
15. Requirements for intended markets (domestic or international) 
15.1 Must meet EU hearing requirements 
 
XVI.II Specifications 
 
1. Summary 
 
1.1 Project Overview 
An advanced noise cancelling piece is a medical device that protects the 
ear from harmful noises. It can block or suppress extremely high noises on 
the decibel range as well as low frequency noises that can severely 
damage the ear. This device is attended for men and women of the military 
between the ages of 18-50, who participate in tactical missions, fire or are 
around heavy artillery, tanks, planes, and helicopters. As well as being 
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attended for individuals of all ages for recreational use. For example, if a 
person goes to a gun range, works with heavy machinery, or does yard 
work with loud equipment. The goal of our device is to be low profile and 
to successfully suppress or block 24 dB of noise either actively or 
passively, so the noise does not reach the eardrum. Therefore, the hair 
cells will not get damaged. It is important they do not get damaged 
because they cannot heal once they are damaged. Our device will help 
lower the number of individuals suffering noise induced hearing loss.  
 
1.2 Purpose and Scope of this Specification 
The purpose of this specification is to give a detailed documentation of the noise 
cancelling device’s requirements, features, standards, constraints, etc., and to 
ensure that these aspects of the device abide to their intended use. This 
specification should be given to any person or company that has any contribution 
to the product’s design, manufacturing, quality control, or its distribution. The 
scope of this specification will include acceptance criteria for critical functions 
and characteristics the noise cancelling device must perform in order to be 
considered acceptable for customer use. This specification will cover the 
materials required to produce and manufacture the device. The scope of this 
specification will cover customer safety to ensure that the functions and 
capabilities if the noise cancelling device will not be harmful to the end user. 
Lastly, the scope will discuss the necessary regulations and standards given by the 
FDA and ISO that apply to the device.  
 
2. Product/Service Description 
 
2.1 Product Context 
The WHAT hearing protection is similar to previous passive hearing protection designs. WHAT 
hearing protection will vary from previous products by incorporating a unique power supply and 
being a self molding system. The device will be made by the user and done with simple tools. 
The procedure will be showcased on a video that will be provided with the device. The mold will 
be custom fit in order to make a secure seal between the device and the user. This seal will help 
provide further protection from noise and keep the device secure during strenuous activities. 
This will be used as a standalone system with the possibility of integrated active hearing 
protection.  
2.2 User Characteristics 
• User: The Device will be used by men and women between the age 18-40 in the military 
and various armed forces. This however does not mean that the device will not be 
available to the public for general use.  
• Experience: The men and women that the device are orientated to will be trained in the 
use and operation of the device. This is done in order to alleviate possible misuse of the 
device and improper installation.  
• Other general characteristics: The men and women will need to be able to follow simple 
instructions in order to use and make the device.  
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2.3 Assumptions  
• The device is a standalone device and requires no previous knowledge in order to use. 
The device will come with instructions that detail the process in creating the custom mold 
and inserting it after it is created. The clients are assumed to be able to follow basic 
instructions outlining the molding and use of the product. If active suppression is 
incorporated with the device the instructions will further clarify the method of application 
and construction to incorporate the active suppression component. All of this can be 
done at the client's residence with no outside assistance. 
 
2.4 Constraints 
• The client will have no adverse reaction to the material that will be used 
• The client is able to following simple written/video instructions on the application and 
creation of the at home molding 
• The device must be low profile  
• The device must be comfortable to wear for extended periods of time 
• The device must allow the user to still be able to communicate and take/give orders 
when needed  
• If active suppression is used the device must be able to operate for the time that the 
individual would need it for 
• The device will be able to suppress sounds to a safe level  
• The device will be cost effective  
 
2.5 Dependencies 
• The user will be able to mix materials and mold the device at home 
• The device will mold and set properly  
• The device material will be compatible with all users 
 
3. Requirements 
 
3.1 Functional Requirements (FR) 
The following is a list of the Functional Requirements associated with the device: 
Req# Requirement Comments Priority Date Reviewed SME Reviewed 
/ Approved 
WHAT_FR_1 Device will be 
low profile as 
to allow the 
user to 
preform 
athletic 
movement 
without being 
retained. 
 2 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
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WHAT_FR_2 Device must fit 
and remain in 
the users ear 
through 
constant 
movement. 
 1 
 
11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_FR_3 Cords or 
connections 
behind the 
head for use of 
battery pack or 
other power 
sources 
should fit tight 
to the neck or 
back. 
Cords should 
be able to 
change in size 
to 
accommodate 
all users. 
 
2 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_FR_4 Inner ear piece 
will make a 
complete seal 
with the ear to 
achieve 
desired NRR 
rating. 
Silicon with the 
use of carbon 
nano-fillers will 
be used to 
achieve this 
1   
WHAT_FR_5 The device will 
passively have 
an NRR rating 
of 24dB or 
greater.  
 1 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_FR_6 Active Noise 
Suppression 
design path 
device will 
actively 
suppress any 
sound waves 
in excess of 
70dB 
 1   
WHAT_FR_7 The device will 
continuously 
reduce 
droning, low 
frequency, 
noises 
associated 
with riding in 
C-130's and 
helicopters.   
 3 
 
  
WHAT_FR_8 Device needs 
to have no 
reduction in 
quality when 
exposed to 
 2   
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noise bursts in 
the excess of 
150dB  
WHAT_FR_9 The device 
should be able 
to withstand 
interaction with 
its 
environment 
without 
degradation of 
quality. 
Examples of 
environmental 
stresses: heat, 
cold, dirt, 
water, wind, 
etc… 
2   
WHAT_FR_10 Device should 
be comfortable 
enough to 
wear for longer 
that 5 hours 
without 
irritation.  
Ear tip material 
choice will 
assist in 
assessing this 
requirement 
1   
WHAT_FR_11 Users should 
still be able to 
hear 
conversation 
at an audible 
level  
Audible level is 
10dB at 
minimum  
1   
WHAT_FR_12 Device should 
have no loss in 
quality when 
exposed to 
vibrations.  
 2   
WHAT_FR_13 Device will be 
reusable 
 1   
WHAT_FR_14 Device will 
have a 
rechargeable 
battery 
 1   
WHAT_FR_15 Battery life will 
last in excess 
of 6 hours of 
full use. 
 1   
3.2 User Interface Requirements (UIR) 
The following requirements describe the characteristics of the interface between the designed 
device and its users: 
Req# Requirement Comments Priority Date Reviewed SME Reviewed 
/ Approved 
WHAT_UIR_1 Device must 
be custom 
molded to fit 
differing ear 
canals. 
Will be addressed by in 
home ear modeling 
kits. 
1 
 
11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
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WHAT_UIR_2 Device must 
withstand 
moisture under 
normal 
everyday use. 
This would include 
examples such as 
perspiration or 
accidental water 
splashing. 
2 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_UIR_3 Device must 
stay seated in 
user ear. Even 
through 
aggressive 
movement. 
These movements 
include but are not 
limited to: 
-Running 
-Jumping 
-Crawling 
-Sliding 
-Diving 
2 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_UIR_4 Device must 
be able to 
withstand heat 
associated 
with body 
temperature. 
Normal human body 
temperature range: 
97F - 99F 
36.1C - 37.2C 
1 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_UIR_5 Recharging of 
device should 
be intuitive to 
user. 
Instructions on 
charging device will be 
explained in the 
accompanying device 
educational video 
series. 
2 
 
11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_UIR_6 Only control 
interaction 
user will have 
with device is 
turning device 
on/off. 
  11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
 
3.3 Usability Requirements (UR) 
How to create the noise cancellation device: 
4. The injection kit will come with a "how to video"  
5. Before injecting, a small swap with string attached must be inserted into ear canal 
6. This swap must be inserted past the second bend of the ear almost to the tympanic 
membrane 
7. Once swap is inserted properly, slowly inject silicon molding into ear canal 
8. The silicon molding should completely fill ear canal, and also fill the entire auricle of the 
outer ear 
9. After a few minutes, remove the ear mold with the string connected to the swap 
10. The mold should be removed and send back to the company to get a solid 3D-printed 
ear bud back.  
 
Mold after 3D-printing 
11. One costumer receives 3D-printed noise cancellation device, the device should be 
inserted as described in the video 
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3.4 Performance Requirements (PR) 
  3.4.1 Static Numerical Requirements (SNR) 
The Static Numerical Requirements (SNR) for the device are as follows: 
Req# Requirement Comments Priority Date 
Reviewed 
SME 
Reviewed / 
Approved 
WHAT_PR_SNR_1 The number of 
simultaneous 
device users 
should be 
unlimited. 
Individual 
devices will 
not be 
interconnected 
so number of 
simultaneous 
devices 
should not be 
an issue. 
2 
 
11/22/17 Robert 
Thoerner, 
Jaime 
Alcorn 
WHAT_PR_SNR_2 Active noise 
suppression 
design path will 
use digital 
signal 
processing.  
Texas 
Instruments 
Digital Audio 
processors will 
be used.  
2 11/22/17 Robert 
Thoerner, 
Jaime 
Alcorn 
WHAT_PR_SNR_3 Passive noise 
suppression 
design path will 
use 
interchangeable 
filters to 
attenuate 
chosen 
frequencies. 
Passive noise 
filters will be 
designed in 
house by the 
design team.  
1 11/22/17 Robert 
Thoerner, 
Jaime 
Alcorn 
 
  3.4.2 Dynamic Numerical Requirements (DNR) 
The following requirements describe the Dynamic Numerical (DNR) aspects of the device:  
Req# Requirement Comments Priority Date Reviewed SME Reviewed 
/ Approved 
WHAT_PR_DNR_1 Active sound 
suppression 
device will 
continually 
process data 
while in use. 
Using T.I. 
digital signal 
processing. 
1 
 
11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_PR_DNR_2 Active sound 
suppression 
device will 
have a 
sampling 
frequency of 
1000Hz. 
Chosen to be 
able recognize 
short signal 
bursts 
associated 
with gunfire. 
1   
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WHAT_PR_DNR_3 Both design 
path devices 
will continually, 
passively 
reduce audio 
signals while 
in use.  
Reduce sound 
by target of 
24dB NRR. 
2   
WHAT_PR_DNR_4 Passive 
design path 
device will 
continuously 
attenuate 
desired 
frequency 
using selected 
filter. 
Filters 
designed in 
house will 
passively 
attenuate 
selected 
frequency 
1   
  3.4.3 Capacity Requirements (CR) 
The following are measurable Capacity Requirements (CR) for the device: 
Req# Requirement Comments Priority Date Reviewed SME Reviewed 
/ Approved 
WHAT_PR_CR_1 The number of 
simultaneous 
device users 
of a single 
device is one. 
A single user 
must use both 
parts of device 
for device to 
perform to 
desired 
specifications 
1 
 
11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_PR_CR_2 The number of 
simultaneous 
device users 
each using 
their own 
device is 
infinite 
Individual 
devices will not 
be 
interconnected 
so number of 
simultaneous 
devices should 
not be an 
issue. 
2 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_PR_CR_3 Maximum 
simultaneous 
user load for 
the device 
should be 
infinite. 
Individual 
devices will not 
be 
interconnected 
so number of 
simultaneous 
devices should 
not be an 
issue. 
3   
WHAT_PR_CR_4 All memory 
and 
processing 
needs for a 
single device 
will belong 
Memory and 
Processing will 
not be shared 
between 
devices since 
1   
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solely to each 
single device 
user 
they are not 
interconnected.  
  3.4.4 Availability Requirements (AR) 
The following are specific and measurable requirements regarding the Availability (AR) of the 
device: 
Req# Requirement Comments Priority Date Reviewed SME Reviewed 
/ Approved 
WHAT_PR_AR_1 Battery life of 
device should 
last for the 
entire duration 
of a signal use 
(6 Hours) 
before 
recharging is 
needed. 
Length of 
singe use may 
change as 
project is 
moved along. 
1 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_PR_AR_2 Use of devices 
should not be 
limited by 
geographical 
location of 
device.  
Processing 
associated 
with the device 
all happens 
internally so 
geography 
should not be 
an issue.  
3 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_PR_AR_3 Downtime 
associate with 
device (device 
being drained 
of battery) will 
result loss of 
active 
suppression 
abilities of 
device. 
Passive 
suppression 
capabilities will 
still be active 
at full use. 
Downtime can 
be remedied 
by recharging 
device. 
1 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_PR_AR_4 All 
maintenance 
on device will 
be the 
responsibility 
of the user.  
This includes 
charging, 
replacing ear 
tips, etc… 
2 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
WHAT_PR_AR_5 All functions of 
the device 
should be 
perfectly 
repeatable as 
Instructions on 
charging 
device will be 
explained in 
the 
1 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
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long as battery 
charge is still 
sufficient.  
accompanying 
device 
educational 
video series. 
WHAT_PR_AR_6 Availability 
level of device 
should be 
100% as long 
as battery 
charge is still 
sufficient.  
Device should 
not experience 
any downtime 
as long as 
device has 
sufficient 
battery charge. 
2   
  3.4.5 Latency Requirements (LR) 
The following table includes explicit Latency Requirements (LR) for the device: 
Req# Requirement Comments Priority Date Reviewed SME Reviewed 
/ Approved 
WHAT_PR_LR_1 Minor issues 
with device 
should be 
addressed by 
the end user.  
Assistance 
with these 
issues will 
given through 
the 
accompanying 
device 
educational 
video series. 
1 
 
  
WHAT_PR_LR_2 Major issues 
with device will 
be the 
responsibility 
of the device 
manufacturer. 
Service 
requests 
should take no 
longer than 30 
days.  
Ship device to 
manufacturer 
for service. 
2 11/22/17 Robert 
Thoerner, 
Jaime Alcorn 
 
3.5 Manageability/Maintainability Requirements (MMR) 
 
  3.5.1 Monitoring Requirements (MoR) 
The device will be passive, therefore it will not have an error detection because there is not a 
mechanism in the device that will cause detrimental failure that would need consistent 
monitoring. The user should be able to visually examine the device and look for any damage or 
tears that are inhibiting the device from working properly.  
 
  3.5.2 Maintenance Requirements (MaR) 
A great attribute of this device that makes it easy to maintain is having the removable filters. 
Since the device can be in the ear for numerous hours, it will get dirty and accumulate some ear 
wax on it. Therefore, it will have to be cleaned on a somewhat regular basis. Having the filters 
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being removable, allows the user to wash the device without damaging the filter during the 
cleaning process. Again, with the silicon mold having no electronics in it, it can be washed 
without having any negative impact on the device’s functionality.  
 
  3.5.3 Operations Requirements (OR) 
There are three periods of interactive operations that will have to be conducted by the user. 
These three periods of interactive operation are putting the device in the ear, taking the device 
out of the ear, and changing filters. WHAT will provide the customer with a video that will 
instruct the user how to properly, safely, and responsibly put in the ear piece, take out the ear 
piece, and replace the filters. Since the device is passive, it will not have any unattended 
operations. Although leaving the device in the ear for extremely long times will not damage the 
ear, the user should remove the ear piece when they no longer need use of it. Therefore, WHAT 
will supply the user with a container that the ear piece can be safely placed into, so the device 
will not experience any damage while outside the ear.  
 
3.6 System Interface/Integration Requirements (SIIR) 
 
  3.6.1 Network and Hardware Interfaces Requirements (NHIR) 
This device will not be interacting/interfacing with any other device or system. Therefore, this 
device does not have any Network and Hardware Interface Requirements to be listed here.  
  3.6.2 Systems Interfaces Requirements (SIR) 
This following are the requirements associated with the Device System Interfaces: 
Req# Requirement Comments Priority Date Reviewed SME Reviewed 
/ Approved 
WHAT_SIIR_SIR_1 Device will 
interface with 
user through 
on/off switch 
only. 
 1 
 
  
WHAT_SIIR_SIR_2 Device will 
have only one 
port, a USB-C 
charging port.  
 1   
 
3.7 Security Requirements (SR) 
   
  3.7.1 Protection Requirements (PR) 
The following factors will protect the system from malicious or accidental access, modification, 
disclosure, destruction, or misuse. They are referred to as our Security Requirement - 
Protection Requirements (SR-PR).  
Req# Requirement Comments Priority Date Reviewed SME Reviewed 
/ Approved 
WHAT_SR_PR_1 The device 
should stop 
Individual 
devices will do 
all processing 
1 
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remote outside 
modification. 
internally so 
outside 
modification 
should not be 
an issue. 
WHAT_SR_PR_2 Passive noise 
suppression 
design path 
will not be 
concerned 
with outside 
remote 
access.  
No circuitry 
involved with 
passive noise 
suppression 
design path. 
2   
WHAT_SR_PR_3 Device should 
implore a 
system to 
reduce 
interfering 
noise. 
The most 
evident 
interfering 
noise being 
60Hz 
1   
 
  3.7.2 Authorization and Authentication Requirements (AAR) 
There will be no software associate with either design path of this device. Therefore, there are 
no Authorization & Authentication Requirements associated with its use.  
3.8 Data Management Requirements (DMR) 
We do not plan for this device to output any data that will be recorded into a database for either 
of the design paths at this time. Therefore, there are no Data Management Requirements to list.  
3.9 Standards Compliance Requirements (SCR) 
The following are applicable standards relevant to the creation of our earplug device. We will 
refer to them as Standards Compliance Requirements (SCR). 
Req# Requirement Comments Priority Date Reviewed SME Reviewed 
/ Approved 
WHAT_SCR_1 OSHA 29 CFR 
1926.52 
Standards 
referring to 
occupational noise 
exposure. 
1 
 
  
WHAT_SCR_2 OSHA 29 CFR 
1926.101 
Standards 
referring to Safety 
and Health 
Regulations for 
Construction - 
Person Protective 
and Life Saving 
Equipment 
1   
WHAT_SCR_3 OSHA 21 CFR 
Part 801 
Standards 
referring to the 
labeling/packaging 
of medical devices. 
1   
WHAT_SCR_4 OSHA 29 CFR 
1910.95 
Standards 
referring to 
1   
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Occupational 
Safety and Health 
Standards 
WHAT_SCR_5 ANSI A10.46-
2007 
Hearing Loss 
Prevention for 
workers. 
1   
*Additional Standards will be establish as design process is furthered.  
  3.10 Transportation Requirements (TR) 
Portability is a very important requirement of both device design paths. Requirements of the 
device that relate to the ease of portability are as follows: 
Req# Requirement Comments Priority Date Reviewed SME Reviewed 
/ Approved 
WHAT_PR_1 Device should 
be low 
profile/easy to 
transport from 
location to 
location. 
 1 
  
  
WHAT_PR_2 Quality of 
device should 
not be 
diminished at 
all due to 
environmental 
exposure 
through the 
transportation 
of the device. 
Should be able 
to withstand 
temperatures 
and moisture 
of outside 
environment 
1   
WHAT_PR_3 Carry case 
should provide 
protection as 
well as 
organization 
while 
transporting 
device.  
 2   
WHAT_PR_4 Active 
Suppression 
design path 
signal 
processing 
abilities should 
not be 
diminished 
due to 
transportation 
of device.  
 1   
WHAT_PR_5 Individual 
devices should 
have no host 
dependency.  
All processing 
is done 
internally in 
the device and 
1   
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is not reported 
to any outside 
entity.  
 
4. User Scenarios/Use Case  
            The major function of the noise canceling device sis to completely sealing the inside of 
the auricle, being able to suppress at least 24 dB of noise, and to have an interchangeable noise 
filter within the device. The auricle constitutes the visible portion of the external ear, and it is 
extremely important that the device completely seal it. Our device will use a silicon mold that 
will be custom fit into the auricle, thus completely sealing it. With it being completely sealed, the 
noise can only travel through the filter on the device. The most crucial function of the noise 
canceling device is to be able to suppress the incoming noise at least 24 db. Once the noise enters 
the filter, the filter will start to remove or suppress the frequency of the noise, in order to make 
the noise less harmful. For example, if a noise enters the filter at 95 dB (harmful noise level), the 
filter will take the noise and essentially convert into a 71 dB noise (non-harmful noise level), 
thus saving the ear from potential damage from the harmful noise. Our device will also have the 
capability of having removable filters. It will have a mechanism that will allow the user to 
remove a filter from its slit and then insert another filter into the slit, which will then lock into 
place. The device will have numerous filters because different situations call for different 
amounts of noise suppression. For example, maybe a person wants to only block a little noise, 
therefore instead having a filter that will automatically block 24 dB, the user can replace it will a 
filter that only blocks 15 dB of noise. Here are two user case scenarios involving the noise 
canceling device being used in a military and recreational environment.  
  4.1 Military User Scenario  
            A military unit is being dropped off into enemy territory to carry out a mission to 
infiltrate the enemy’s headquarters. In order to get there the unit will ride over in a Boeing AH-
64 Apache helicopter, and it should take them 3 hours to arrive at their destination. A Boeing 
AH-64 Apache helicopter has a noise level of 104 db. Half of the unit decides not to wear the 
noise canceling device while the other half does. The half that do not wear the device are fully 
subjected to that 104 decibels for the 3 hour trip. While the other half who did wear the device 
had the noise suppressed to an 80 dB noise level for the duration of the trip. Once the unit landed 
at their destination the commanding officer started to command where each person would 
approach the enemy’s headquarters. The members of the unit who did not wear the noise 
cancelling device where having a very difficult time hearing the officer’s orders, while those 
who were wearing the device could clearly hear what the officer was saying. Showing that the 
Boeing AH-64 Apache helicopter noise level affected the hearing of the soldiers who did not 
wear the device and did not affect the hearing of those who did wear the device.  
  4.2 Recreational User Scenario  
            George is a 54 year old father who has always done his own yard work for about 30 
years. One of George’s favorite activities out in the yard is to go into his woods and cut down 
trees to collect his own fire wood. He does this once every year and it takes about 8 hours to 
collect the appropriate amount of fire wood. He never wears any hearing protection while cutting 
down trees and has started to notice that he has been hard of hearing for the past decade. His 
friend Barry told him that he should look into getting a noise cancelling device because George’s 
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chainsaw gives off 120 dB of noise while being used and can be extremely harmful if George is 
exposed to that noise for numerous hours. After hearing this, George decides to buy a noise 
cancelling device from Wearable Hearing Accessories Technologies (WHAT). Once George 
receives his device from WHAT he puts in the appropriate filter, puts it in his ear, and starts 
cutting down trees with his chainsaw. He is amazed at how the device is making the chainsaw 
noise sound quieter than he has ever experienced, and will now always wear the device when 
doing yard work with loud equipment in order to prevent any more hearing loss.  
 
5. Deleted or Deferred Requirements 
At this point in the design phase, we have not eliminated any system requirements.  
Req# Business 
Requirement 
Status Comments Pri Date Rvwd SME 
Reviewed 
/Approved 
       
       
       
 
6. Requirements Confirmation/Stakeholder sign-off  
Documentation of the approval of the requirements:  
Meeting Date Attendees (name and role) Comments 
TBD Tyler Cindea, Labor Relations 
SME 
Robby Thoerner, Labor 
Relations SME 
Benjamin Hanna, Technical 
Project Manager 
Kyler Glascott, Technical 
Analyst 
Jamie Alcorn, Technical Analyst 
Brooke Draper, Project Manager 
James Keszenheimer, Customer 
Steve Paterson, Customer 
 
To Be Confirmed 
▪ WHAT_FR_1-15 
▪ WHAT_UIR_1-6 
▪ WHAT_UR 
▪ WHAT_PR_SNR1-3 
▪ WHAT_PR_DNR1-4 
▪ WHAT_PR_CR1-4 
▪ WHAT_PR_AR1-6 
▪ WHAT_PR_LR1-2 
▪ WHAT_MMR_MoR 
▪ WHAT_MMR_MaR 
▪ WHAT_MMR_OR 
▪ WHAT_SIIR_NHIR 
▪ WHAT_SIIR_SIR 
▪ WHAT_SR_PR1-3 
▪ WHAT_SR_AAR 
▪ WHAT_DMR 
▪ WHAT_SCR_1-5 
▪ WHAT_TR-1-5 
 
 
XVI.III. Design Matrix  
 
 XVI.III.I Passive Design Matrix  
 
Test Test Date System Method of Verification Acceptable? Resulting Test Signoff 
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Name/Number Component collection Method (Y/N) Action  
1.01-Stress  Molded ear 
body & 
Entire Device 
Ansys 
Equivalent 
Stress 
Assessment 
Analysis Y Within 
Acceptable 
Range 
Robert 
Thoerner 
1.02-Activity 
Test 
 Entire Body Subject 
inserts 
device and 
reenacts 
activities 
Test Y Within 
Acceptable 
Range 
Robert 
Thoerner 
1.03-Noise 
Reduction 
Rating 
 Passive 
Suppression 
Filters & 
Entire Device 
Pure Tone 
Testing. 
Known dB 
level sound 
is produced, 
audiometer 
records 
reduced 
sound level. 
NRR is 
determined 
(difference + 
7)*2 
Test N/A Further 
Testing 
Required 
N/A 
1.04-Vibration 
Test 
 Molded ear 
body & 
Entire Device 
Spectrum 
Analyzer 
Test N/A Further 
Testing 
Required 
N/A 
 
 
 XVII.III.II Active Design Matrix  
 
Test 
Name/Number 
Test Date System 
Component 
Method of 
Collection 
Verification 
Method 
Acceptable 
(Y/N) 
Resulting 
Action 
Test Signoff 
2.01-Thermal 
Test 
 Battery Keep battery 
for 6h at -
40°C and 
+75°C 
Test N/A Further 
Testing 
Required 
N/A 
2.02-Vibration 
Test 
 Battery Test 
designed to 
simulate 
vibration 
during 
transportatio
n at 7Hz to 
200Hz for up 
to 3 hours 
Test N/A Further 
Testing 
Required 
N/A 
2.03-External 
Short Circuit 
 Battery By fusing 
apply a short 
circuit at 
+50°C, temp 
should not 
exceed 
+170°C 
Test N/A Further 
Testing 
Required 
N/A 
3.01-
Frequency 
 Microphone Comparative 
results of 
Test N/A Further 
Testing 
N/A 
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Response microphone 
in question to 
microphone 
with known 
frequency 
range 
Required 
4.01-Bus 
Speed 
Benchmark 
 Raspberry Pi Usage of 
program that 
makes data 
burst over 
time to show 
potential 
maximum 
data transfer 
Analysis N/A Further 
Testing 
Required 
N/A 
5.01- Pure 
Tone 
Testing(Thresh
old Test) 
 System Testing 
involving a 
range of 
frequency 
from normal 
speaking 
levels to 
extreme 
levels 
Test N/A Further 
Testing 
Required 
N/A 
 
 
 
